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Description 

The present invention relates to the use of corrosion inhibited organic acid compositions which are effective in 
reducing metal corrosion and methods of using the compositions. 
5 Subterranean hydrocarbon containing formations penetrated by well bores are often treated with aqueous acid 

compositions to stimulate the production of hydrocarbons therefrom. One such treatment known as "acidizing" involves 
the introduction of an aqueous acid composition into a subterranean formation under pressure so that the acid com- 
position flows through the pore spaces of the formation. The acid composition reacts with acid soluble materials con- 
tained in the formation thereby increasing the size of the pore spaces and the permeability of the formation. Another 
io production stimulation treatment known as "fracture-acidizing" involves the formation of one or more fractures in the 
formation and the introduction of an aqueous acid composition into the fractures to etch the fracture faces whereby 
flow channels are formed when the fractures close. The aqueous acid composition also enlarges the pore spaces in 
the fracture faces and in the formation. 

While acidizing and fracture-acidizing well stimulation treatments have been performed successfully over the years, 
1 5 a continuous problem which accompanies the treatments is the corrosion of metal pumps, tubular goods and other 
equipment used to introduce the aqueous acid compositions into the subterranean formation to be treated. The expense 
associated with repairing or replacing corrosion damaged tubular goods and equipment can be very high. The corrosion 
rate of metal equipment and tubular goods is increased by elevated temperatures encountered in deep formations, 
and the corrosion results in at least the partial neutralization of the aqueous acid compositions before they react with 
20 acid-soluble materials in the formations. 

Aqueous acid compositions are also utilized in a variety of other industrial applicatbns to contact and react with 
acid soluble materials. In such applications, metal equipment and metal surfaces are necessarily also contacted with 
the acid compositions, and the resulting corrosion of such metal equipment and surfaces is highly undesirable. 

A variety of metal corrosion inhibited aqueous acid compositions for carrying out acidizing and fracture-acidizing 
stimulation treatments in wells and for performing other acidizing operations have been developed heretofore. For 
example, U.S. Patent No. 4,498,997 issued to Walker on February 12, 1985 discloses an aqueous acid composition 
containing a corrosion inhibitor comprising an acetylenic alcohol, a quaternary ammonium compound, an aromatic 
hydrocarbon and an antimony compound corrosion inhibitor intensifies 

U.S. Patents Nos. 5,366,643 issued to Walker on November 22, 1 994 and 5,411 ,670 issued to Walker on May 2, 
30 1 995 both relate to metal corrosion inhibited aqueous acid compositions which utilize a source of antimony ions to 
increase the corrosion inhibiting effectiveness of the compositions. 

U.S. Patent No. 5,441,929 issued to Walker on August 15, 1995 discloses a method of protecting metal alloys 
from acid corrosions utilizing an effective amount of a first inhibitor component including at least one reducing compound 
and a second inhibitor component including a source of molybdate ions. 
3S While the above described metal corrosion inhibiting formulations have been used successfully as a part of aqueous 

inorganic acid compositions, e.g., aqueous hydrochloric acid compositions, the corrosion inhibitor formulations have 
generally been ineffective in organic acid solutions. That is, inorganic acid corrosion inhibitor activators (also referred 
to as intensifiers) such as formic acid, copper chloride, etc., do not function in organic acid compositions. In this regard, 
it has been found that the components of commonly utilized corrosion inhibitor formulations used in inorganic acid 
40 compositions will not function unless they are activated by a chloride concentration in the composition in the amount 
of about 5% to about 7% by weight. Because organic acid compositions do not contain appreciable concentrations of 
chloride, the corrosion inhibitor formulations do not function therein. Thus t there is a continuing need for improved 
metal corrosion inhibited organic acid compositions and methods of using such compositions in well acidizing appli- 
cations. 

The present invention provides effective metal corrosion inhibited organic acid compositions and methods of using 
such compositions for carrying out acidizing operations including well acidizing treatments which meet the needs de- 
scribed above and overcome the deficiencies of the prior art. 

The metal corrosion inhibited organic acid compositions which are used in this invention include corrosion inhibitor 
components and formulations used heretofore in aqueous inorganic acid compositions plus certain sulfur containing 
compounds which activate the corrosion inhibiting formulations in organic acids. That is, the corrosion inhibited organic 
acid compositions of this invention are basically comprised of an aqueous organic acid solution, a corrosion inhibitor 
comprising at least one quaternary ammonium compound and a corrosion inhibitor activator selected from the group 
consisting of thioglycolic acid, an alkali metal thiosulfate and mixtures thereof. The sulfur containing corrosion inhibitor 
activator is generally present in the aqueous organic acid composition in an amount in the range of from about 0.01% 
55 to about 2% by volume of the organic acid solution in the composition. 

In addition to at least one quaternary ammonium compound, the corrosion inhibitor can comprise one or more 
additional components selected from the group consisting of unsaturated alcohols, unsaturated carbonyl compounds, 
unsaturated ether compounds, condensation products formed by reacting an aldehyde in the presence of a carbonyl 
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compound or in the presence of a carbonyl compound and a nitrogen containing compound and various corrosion 
inhibitor intensifies. Further, solvents, dispersing agents and other components commonly used in acidizing compo- 
sitions can also be included. 

The methods of this invention whereby acid soluble materials are contacted and reacted with an aqueous organic 
5 acid composition, but the corrosive effects of the aqueous organic acid on metal surfaces also contacted by the acid 
composition are minimized, are basically comprised of the steps of: combining a corrosion inhibitor including at least 
one quaternary ammonium compound and a corrosion inhibitor activator selected from the group consisting of thiogly- 
colic acid, an alkali metal thiosulfate and mixtures thereof with the aqueous organic acid solution; and then contacting 
the acid soluble materials and metal surfaces therewith. 
10 The present invention provides improved metal corrosion inhibited organic acid compositions and methods of using 

the compositions. The improved corrosion inhibited organic acid compositions are basically comprised of water, an 
organic acid, a corrosion inhibitor comprising at least one quaternary ammonium compound and a corrosion inhibitor 
activator selected from the group consisting of thioglycolic acid, an alkali metal thiosulfate and mixtures thereof. 

The water utilized to form the aqueous organic acid solutions and compositions can be any aqueous fluid which 
is does not adversely react with the components of the acid compositions. For example, the water can be fresh water, 
brackish water, brine, salt -containing water solutions such as sodium chloride, potassium chloride or ammonium chlo- 
ride solutions or the like. 

The organic acid employed in the aqueous acid solution utilized is selected from the group consisting of formic 
acid, acetic acid, glycolic acid, citric acid and mixtures of such acids. A small quantity, e.g., about 1.5% by weight of 
20 the solution, of an inorganic acid such as hydrofluoric acid can also be admixed with the organic acid or acids used. 
Preferably, an aqueous organic acid solution is formed having an acid concentration in the range of from about 1% to 
about 30% by weight of the water in the solution, more preferably from about 1% to about 25% by weight of the water. 

The corrosion inhibitor utilized in the organic acid compositions of this invention is preferably comprised of at least 
one quaternary ammonium compound of the general formula: 

25 

(R) 4 N + X 

wherein each R is the same or a different group selected from long chain alkyl groups, cycloalkyl groups, aryl groups 
30 or heterocyclic groups, and X is an anion such as a halide. The term "long chain" is used herein to mean hydrocarbon 
groups having in the range of from about 12 to about 20 carbon atoms. 

Examples of quaternary ammonium compounds which can be included in the corrosion inhibitor are N-alkyl, N- 
.\ cycloalkyl and N-alkylaryl pyridinium halides such as N-cyciohexylpyridinium bromide, N-octylpyridinium bromide, N- 
nonylpyridinium bromide, N-decylpyridinium bromide, N-dodecylpyridinium bromide, N,N-didodecyldipyridinium dibro- 
35 mide, N-tetradecylpyridinium bromide, N-laurylpyridinium chloride, N-dodecylbenzylpyridinium chloride, N-dodecylqui- 
nolinium bromide, N-(1-methylnapthyl)quinolinium chloride, N-benzylquinolinium chloride and the like. Other quater- 
nary ammonium compounds include monochloromethylated and bizchloromethylated pyridinium halides, ethoxylated 
and propoxylated quaternary ammonium compounds, sulfated ethoxylates of alkylphenols and primary and secondary 
fatty alcohols, didodecyldimethylammonium chloride, hexadecylethyldimethylammonium chloride, 2-hydroxy-3-(2-un- 
40 decylamidoethylamino)-propane-1-triethylammonium hydroxide, 2-hydroxy-3-(2-heptadecylamidoethylamino)-pro- 
pane-1-triethylammonium hydroxide, and the like. 

In addition to one or more of the quaternary ammonium compounds described above, the corrosion inhibitor may 
also include one or more additional compounds known for their corrosion inhibiting effectiveness in aqueous inorganic 
acid solutions including, but not limited to, unsaturated alcohols such as acetylenic alcohols, unsaturated carbonyl 
45 compounds, unsaturated ether compounds and the like. 

Suitable acetylenic alcohols that can be used have the general formula: 



R.-CsC-C-OH 

I 

55 

wherein R v R 2 and R 3 are hydrogen, alkyl, phenol, substituted phenol or hydroxyalkyl groups or radicals. Pref- 
erably, R t comprises a hydrogen radical, Rg comprises a hydrogen radical, a methyl group, an ethyl group or a propyl 
group, and R 3 comprises an alkyl group having in the range of from 1 to 10 carbon atoms. Specific examples include 
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• - 

methyl-butynol, methylpentynol, hexynol, ethyloctynol, propargyl alcohol, benzylbutynol, ethylcyclohexanol and the 
like. Preferred alcohols are hexynol, propargyl alcohol, methylbutynol and ethyloctonyl. 

Examples of unsaturated carbony I compounds that can be used include 1 -phenyM -ene-3-butanone and cinnamal- 
dehyde. 

5 An example of an unsaturated ether compound that can be used is 1-phenyl-3-methoxy-1-propene. 

The corrosion inhibitor useful in accordance with this invention, i.e., a corrosion inhibitor comprised of at least one 
quaternary ammonium compound, and most preferably, at least one quaternary ammonium compound and one or 
more of the additional corrosion inhibiting components described above, is generally included in a corrosion inhibited 
aqueous organic acid composition of this invention in an amount in the range of from about 0.05% to about 3% by 

10 volume of the organic acid solution in the composition, more preferably from about 0.05% to about 2%. 

The corrosion inhibitor activator of this invention, i.e., an activator selected from the group consisting of thioglycolic 
acid, an alkali metal thiosulfate and mixtures thereof, functions to activate the above described corrosion inhibitor 
components in an aqueous organic acid solution. Without such an activator, the corrosion inhibitor components will 
not function and acid corrosion of metal surfaces will take place. 

15 The corrosion inhibitor activator is generally included in a corrosion inhibited aqueous organic acid composition 

of this invention in an amount in the range of from about 0.01 % to about 2% by volume of aqueous organic acid solution 
in the composition. 

In accordance with the methods of the present invention, acid soluble materials are contacted and reacted with 
an aqueous organic acid solution whereby the corrosive effect of the acid solution on metal surfaces also contacted 

20 by the acid solution is minimized. The methods are basically comprised of the steps of combining a corrosion inhibitor 
comprising at least one quaternary ammonium compound and a corrosion inhibitor activator selected from the group 
consisting of thioglycolic acid, an alkali metal thiosulfate and mixtures thereof with an aqueous organic acid solution, 
and then contacting the acid soluble materials and the metal surfaces with the aqueous organic acid solution containing 
the corrosion inhibitor and corrosion inhibitor activator. 

2S As mentioned above, the aqueous organic acid solution preferably includes an organic acid selected from the 

group consisting of formic acid, acetic acid, glycolic acid, citric acid and mixtures of such acids in a concentration in 
the range of from about 1% to about 30% by weight of the solution, more preferably from about 1% to about 25% by 
weight of the solution. As also mentioned, the corrosion inhibitor is combined with the aqueous organic acid solution 
in an amount in the range of from about 0.05% to about 3% by weight of the organic acid solution in the composition, 

30 more preferably from about 0.05% to about 2%, and the corrosion inhibitor activator is combined therewith in an amount 
in the range of from about 0.01% to about 2% by weight of the organic acid solution in the composition. 

The methods of this invention can be utilized in a variety of industrial acidizing applications and they are particularly 
suitable for carrying out acidizing and fracture acidizing procedures in wells to increase the production of hydrocarbons 
therefrom. 

35 in order to further illustrate the corrosion inhibited organic acid compositions and methods of this invention, the 

following examples are given. 

Example 1 

^o An aqueous formic acid composition containing formic acid in an amount of about 10% by weight of water in the 

composition was prepared, various quantities of a corrosion inhibitor comprising benzylquinolinium chloride and a 
corrosion inhibitor activator of this invention, i.e., thioglycolic acid were added to test portions of the acid composition 
as shown in Table I below. 

45 TABLE I 



Corrosion Inhibited Test Compositions 


Composition Number 


Corrosion Inhibitor, % by Volume of 


Corrosion Inhibitor Activator 1 , % by Volume 




Aqueous Organic Acid Solution 


of Aqueous Organic Acid Solution 


1 


0.5 


0.1 


2 


0.5 


0.2 


3 


0.5 


0.5 


4 


0.5 


0 


5 


1.0 


0.5 


6 


0.5 


0.5 


7 


0.5 


1.0 



An 80% by weight aqueous thioglycolic acid solution. 
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TABLE I (continued) 



Corrosion Inhibited Test Compositions 


Composition Number 


Corrosion Inhibitor, % by Volume of 


oorrosion innioiioi Mcuvcuor , To Dy voium© 




Aniioni ic C*\ rnanir Ar»iH ^oli it ion 
nLjUcUUo Wiyaillu r\L,iu OUIUIIUI 1 


of Aqupous Oraanie Arid Solution 


8 


U.o 


on ~ 4 


9 






10 






11 




1 n 


1 2 


0 




13 


2.0 


2.0 


14 


0 


1.0 


15 


0.7 


0.5 


16 


1.5 


0.5 


17 


1.0 


1.5 


18 


0.5 


1.5 


19 


1.0 


2.0 


20 


1.0 


0 



An 80% by weight aqueous thioglycolic acid solution. 



The various corrosion inhibited aqueous formic acid test compositions were heated to 300° F, and preweighed N- 
80 steel corrosion coupons, 13-Cr steel corrosion coupons or 22-Cr steel corrosion coupons were immersed in the 
test compositions for time periods of 5 hours, 6 hours and/or 16 hours while maintaining the temperatures of the com- 
positions at 300°F. At the end of the test periods, the corrosion coupons were removed, rinsed and weighed to determine 
the amounts of corrosion that took place during the tests. The results of these tests are set forth in Table II below. 



TABLE II 



30 - 

ji." 


Corrosion Tests At 300° F 


Test Composition Number 


Corrosion Coupon Material 


Corrosion, lb/ft 2 hr. 






5 Hours 


6 Hours 


16 Hours 




1 


N-80 




0.008 




35 


2 


N-80 




0.012 






3 


N-80 




0.012 






4 


N-80 


0.467 








5 


N-80 




0.012 


0.081 


40 


6 


N-80 




0.013 


0.062 


7 


N-80 






0.046 




9 


N-80 




0.012 


0.044 




10 


N-80 






0.045 




11 


N-80 






0.045 


45 














12 


13-Cr 






0.439 




7 


13-Cr 






0.296 




4 


13-Cr 






0.408 


50 


8 


13-Cr 






0.306 


5 


13-Cr 


0.046 








9 


13-Cr 


0.034 








13 


13-Cr 


0.028 






55 


12 


22-Cr 






0.050 




7 


22-Cr 






0.032 




4 


22-Cr 






0.004 
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Corrosion Tests At 300° F 


Test Composition Number 


Corrosion Coupon Material 


Corrosion, lb/ft 2 nr. 






5 Hours 


6 Hours 


16 Hours 


14 


22-Cr 


0.342 







From Tables 1 and 2 above, it can be seen that the corrosion inhibitor activators of this invention, i.e., thioglycolic 
acid with the benzylquinolinium chloride containing corrosion inhibitor work in combination to produce excellent corro- 
sion inhibitor activation and protection at 300°F. 



Example 2 

The test procedure set forth in Example 1 was repeated with the exception that the temperature was increased to 
325° F and the corrosion coupons were immersed in the compositions for time periods of 5 hours or 6 hours. The results 
of these tests are set forth in Table III below. 



TABLE III 



Formic Acid Composition Corrosion Tests At 325°F 


Test Composition Number 


Corrosion Coupon Material 


Corrosion, lb/ft 2 hr. 






5 Hours 


6 Hours 


3 


N-80 




0.016 


15 


N-80 




0.015 


5 


N-80 




0.017 


7 


N-80 




0.021 


1 


N-80 


0.033 





From Tables 1 and 3 it can be seen that the corrosion inhibited organic acid compositions of this invention produce 
excellent results at 325°F. 



Example 3 

35 

The test procedure described in Example 1 above was repeated with the exception that the temperature was 
increased to 350°F and the corrosion coupons were immersed in each composition for 5 hours or 6 hours. The results 
of these tests are set forth in Table IV below. 



TABLE IV 



Formic Acid Composition Corrosion Tests At 350°F 


Test Composition Number 


Corrosion Coupon Material 


Corrosion, lb/ft 2 hr. 






5 Hours 


6 Hours 


9 


N-80 




0.038 


16 


N-80 




0.043 


[ 5 


N-80 




0.046 


11 


N-80 




0.021 


17 


N-80 




0.030 


7 


N-80 




0.028 


18 


N-80 




0.034 


19 


N-80 




0.024 


8 


N-80 




0.030 


20 


N-80 


0.327 




14 


N-80 


0.465 
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From Tables 1 and 4, it can be seen that the corrosion inhibited organic acid compositions of this invention produced 
excellent results at 350° F, and that the best results were obtained when equal volumes of benzylquinolinium chloride 
containing corrosion inhibitor and thioglycolic acid (Composition 11 ) were used. This result is also shown in Table II by 
Composition 13 which contained equal volumes of benzylquinolinium chloride containing corrosion inhibitor and thi- 
oglycolic acid and produced the lowest corrosion in 5 hours as compared to Compositions 5 and 9. 



10 



15 



20 



25 



30 



Example 4 

The procedure described in Example 1 above was repeated with the exception that acetic acid was substituted 
for formic acid, only 16 hour tests were conducted and 1 3-Cr steel and 22-Cr steel coupons were utilized. The results 
of these tests are shown in Table V below. 

TABLE V 



Acetic Acid Composition Corrosion Tests At 300°F 


Test Composition Number 


Corrosion Coupon Material 


Corrosion, lh/ft 2 hr. 






16 Hours 


12 


13-Cr 


0.083 


7 


13-Cr 


0.015 


4 


13-Cr 


0.119 


14 


13-Cr 


0.462 


12 


22-Cr 


0.005 


7 


22-Cr 


0.001 


4 


22-Cr 


0.001 



From Table 5 it can be seen that the corrosion inhibited organic acid compositions of the present invention produce 
excellent results. 



Claims 



35 



40 



1. A method of contacting and reacting acid soluble materials with an aqueous organic acid solution whereby the 
corrosive effect of the acid solution on metal contacted thereby is minimized, which method comprises combining 
a corrosion inhibitor comprising at least one quaternary ammonium compound and a corrosion inhibitor activator 
selected from thioglycolic acid, an alkali metal thiosulfate or any mixture of two or more thereof, with an aqueous 
organic acid solution; and contacting said acid soluble materials and said metal with said aqueous organic acid 
solution containing said corrosion inhibitor and said corrosion inhibitor activator. 

2. A method according to claim 1 , wherein said quaternary ammonium compound has the general formula 



45 



50 



55 



4. 



(R>4 N+X " 

wherein each R is the same or a different group selected from long chain alkyl groups, cycloalkyl groups, aryl 
groups or heterocyclic groups, and X is an anion. 

A method according to claim 1 or 2, wherein said corrosion inhibitor further comprises one or more additional 
compounds selected from unsaturated alcohols, unsaturated carbonyl compounds and unsaturated ether com- 
pounds. 

A method according to claim 1 ,2 or 3, wherein said corrosion inhibitor is combined with said aqueous organic acid 
solution in an amount of from 0.05% to 3% by volume of said aqueous organic acid solution. 

A method according to claim 1 ,2,3 or 4, wherein said corrosion inhibitor activator is combined with said aqueous 
organic acid solution in an amount of from 0.01 % to 2% by volume of said aqueous organic acid solution. 
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A method according to claim 1 ,2,3,4 or 5, wherein said organic acid is formic acid, acetic acid, glycolic acid, citric 
acid and or any mixture of two or more thereof. 

A method according to any of claims 1 to 6, wherein said organic acid is present in said aqueous organic acid 
solution in an amount of from 1% to 30% by weight of said water therein. 

A method according to any of claims 1 to 7, wherein hydrofluoric acid is also included. 



_0878605A2_I_> 



8 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(id EP 0 878 605 A3 

EUROPEAN PATENT APPLICATION 



(88) 


Date of publication A3: 


(51) IntCl. 6 : E21B 43/22 




19.05.1999 Bulletin 1999/20 






(43) 


Date of publication A2: 








18.11.1998 Bulletin 1998/47 






(21) 


Applicatbn number: 98303756.5 






(22) 


Date of filing: 13.05.1998 






(84) 


Designated Contracting States: 


(72) 


Inventor: Brezinski, Michael M. 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 




2597 AN The Hague (NL) 




MC NL PT SE 








Designated Extension States: 


(74) 


Representative: Wain, Christopher Paul et al 




AL LT LV MK RO SI 




A.A. THORNTON & CO. 








Northumberland House 


(30) 


Priority: 13.05.1997 US 855083 




303-306 High Holborn 








London WC1V7LE (GB) 


(71) 


Applicant: Halliburton Energy Services, Inc. 








Duncan, Oklahoma 73536 (US) 







(54) Use of corrosion inhibited organic acid compositions 



(57) Corrosion inhibited organic acid compositions 
are used which comprise water, an organic acid, a cor- 
rosion inhibitor comprising at least one quaternary am- 



monium compound and a corrosion inhibitor activator 
selected from the thioglycolic acid and alkali metal thio- 
sulfates. 



CO 
< 

to 
o 

CD 
00 

00 

o 

Q. 
LU 



Printed by Jouve. 75001 PARIS (FR) 



BNSDOCID: <EP 087B605A3_I_> 



4- 



EP 0 878 605 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 30 3756 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



D, A 



P,A 



US 4 498 997 A (M.L. WALKER) 
12 February 1985 

* column 2, line 39 - line 48 * 

* column 3, line 3 - line 11 * 

GB 1 108 590 A (COWLES CHEMICAL COMPANY) 

* claim 1 * 

US 1 780*594 A (R.E. LAWRENCE) 
4 November 1930 

* page 1 , 1 ine 9 - 1 ine 16 * 

* page 1 , 1 ine 58 * 

US 5 697 443 A (M.M. BREZINSKI ) 
16 December 1997 

* column 3, line 3 - line 5 * 

* column 3, line 16 - line 41; claim 6 * 

US 4 871 024 A (A. CIZEK) 3 October 1989 

* column 6; claims 1.4,5; example B * 

EP 0 534 621 A (EXXON CHEMICAL PATENTS) 
31 March 1993 

* page 3, 1 i ne 40 - 1 ine 52 * 



The present search report has been drawn up for aJI claims 



1-8 

1 
1 

1-8 
1-8 



E21B43/22 
E21B41/02 
C23F11/04 



TECHNICAL FIELDS 
SEARCHED (int.CI.6) 



E21B 
C23F 
C23G 



THE HAGUE 



Date at compel »on of the search 

17 March 1999 



Hilgenga, K 



category of cited documents 

X particularly naievani if taken alone 

V ; particularly relevant rf combined with another 

document of the same category 
A technological background 
O : non-written disclosure 
P . intermediate document 



T : theo-y or principle underlying the invention 
E earlier patent document, but published on, or 

after the Ming date 
D : document cited in the application 
u : document cited fo* other reasons 



& . member of the same patent family, corresponding 
document 



2 



BNSDOCID: <EP 0878605A3J_> 



V 

EP 0 878 605 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 30 3756 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The memDers are as contained in the European Patem Ofice HOP file on 

The European Patent Office is in no way liable for these particulars which are merely given tor the purpose of information. 

17-03-1999 



Patent document 




Publication 




Patent family 




Publication 


cited in search report 




date 




mGmber(s) 




date 


US 4498997 


A 


12-02-1985 


AU 


576762 


B 


08-09-1988 








AU 


2851884 


A 


AO A 1 1 rtOC 

03-01-1980 








CA 


1222136 


A 


26-05-1987 








DE 


3468907 


A 


i-> r~ AO IrtOO 

25-02-1988 








EP 


0130006 


A 


AO A 1 1AOC 

02-01-1985 


_________ __ 

GB 1108590 


A 




AU 


421370 


B 


14-02-1972 








NL 


6514309 


A 


05-05-1967 








AU 


6509365 


A 


13-04-1967 








FR 


1451818 


A 


12-12-1972 


US 1780594 


A 


04-11-1930 


GB 


357387 


A 




US 5697443 


A 


16-12-1997 


NONE 








US 4871024 


A 


03-10-1989 


GB 


2224023 A, B 


25-04-1990 








NL 


8901987 


A 


01-03-1990 


EP 534621 


t 

A' 


31-03-1993 


US 


5200096 


A 


06-04-1993 






CA 


2075888 A 


28-03-1993 








DE 


69210927 


D 


27-06-1996 








OK 


534621 


T 


17-06-1996 








NO 


302144 


B 


26-01-1998 



o 
a. 



For more details about this annex : see Official Journal of the European Patent Office No. 12>'B2 



3 

BNSDOCID: <EP 0878605A3_I_> 



THIS PAGE BLANK 



(OSPTO) 



